Pot experiments were conducted during the two growing winter seasons of 2008/ 2009 and 2009/2010 under green-house 
INTRODUCTION
Wheat plant (Triticum aestivum L.) is one of the most important crops in the world. Wheat is considered the first strategic food crop in Egypt. Its grains are a staple human food and straw can be used as a fodder for livestock.
In Egypt, the available amount of irrigation water from River Nile is not only limited but also liable to decrement year after year due to competition of other water usage in the country .Under fixed amount of water (55 milliard m 3 /year), water stress may periodically occur during every season in Egyptian crops production.
At the present, the growth of wheat has been seriously influenced by drought in many regions. Drought stress is one of the most serious world-wide problems for agriculture, (El-Tayeb and Naglaa, 2010) since it affects physiological process, and limits plant growth and crop productivity of wheat plant significantly. In Egypt, wheat plants are sometimes exposed to drought stress at different periods of growth. Drought stress produced changes in the ratio of chlorophyll 'a' and 'b' and carotenoids (Farooq et al., 2009) . (El-Banna et al., 2002) Growth and primary production of plants are severely reduced by water deficit. Drought is an important limitation to grain yield in many crops (Tambussi, et al., 2000) . Drought stress causes oxidative damages in plant cells. Some of compounds which have antioxidative characteristic are Salicylic Acid (SA). This compound can decrease drought effects in plants under stress (Baghizadeh et al, 2009) . It seems that salicylic and ascorbic acid can considerably alleviate oxidative damage that occurred under drought stress condition. Therefore, it could be concluded that salicylic acid in the concentration 1 mM have in mitigation of stress caused by drought stress.
Salicylic acid (SA) acts as an important signal molecule modulating plant responses to stress, (Krantev et al., 2006) . it has been responsible for inducing abiotic stress tolerance (El Tayeb and Naglaa, 2010) and considerable interests have been focused on SA due to its ability to induce a protective effect on plants under stress such as drought tolerance in wheat plants (Singh and Usha, 2003 and Gunes et al., 2007) .
Salicylic acid is an endogenous growth regulator of phenolic nature, which participates in the regulation of physiological processes in plant (Joseph et.al, 2010) such as stomatal closure, nutrient uptake, chlorophyll synthesis, and protein synthesis, inhibition of ethylene biosynthesis, transpiration and photosynthesis. (Khan et al., 2003 and Shakirova, et al, 2003) .Several studies have shown that salicylic acid is an essential component of the plant resistance to pathogens and participates in the plant response to adverse environmental conditions. Salicylic acid used to increase plants tolerance against the adverse effects of biotic and abiotic stresses. Bosch, et al., 2007 and Chen et al., 2007) . Ameliorative effect of SA on growth of crop plants under abiotic stress conditions may have been due to its role in photosynthesis and growth (Khan et al., 2003 and Arfan et al., 2007) .
Therefore, the present investigation was undertaken to alleviate the harmful effect of drought stress on growth, yield and biochemical constituents of wheat plants by applying antioxidant SA. Studying the responses of wheat plants (Triticum aestivum L.) cv. Sakha 94 to foliar application of antioxidant i.e., salicylic acid( SA) at (100, 200 and 400 ppm) on growth criteria, some biochemical analysis i.e. photosynthetic pigments, Photochemical activity, Catalase , superoxide dismutase and Ascorbate Peroxidase activities, as well as, yield and its components grown under drought stress conditions.
MATERIALS AND METHODS
Pot experiments were carried out during the two successive seasons of 2008/ 2009 -2009 / 2010, under green-house The treatments were three levels of drought stress : control (70%), DS 1 (50%), and DS 2 (30 %) of water holding capacity (W.H.C), respectively and different levels of salicylic acid (SA) 0.00, 100, 200, 400 ppm concentration were applied as a foliar spray. Fifteen grains/pot were sowing at equal distances and depth. After two weeks from sowing, seedlings were thinned to eight seedlings /pot.
The recommended agricultural practices of growing wheat were applied and Phosphorus fertilizer in the form of Calcium super phosphate (15.5 % P 2 O 5 ) was mixed with the soil before planting at the rate of 1.8 gm P 2 O 5 /pot. While, Potassium and nitrogen fertilizers in the form of Potassium sulphate (48 % K2O ) and Urea (46% N) were added individually with water irrigation after thinning at the rate of 1.3 gm K 2 O/pot and 1.3 gm N/pot.
After germination, every pot was weighted daily and the needed amount of irrigation water was added.
Wheat plants were foliar sprayed with salicylic acid (SA) at the concentration of 0.00, 100,200 and 400ppm, respectively. In both seasons, foliar applications of salicylic acid was carried out three times using hand atomizer and wetting agent after 25, 45 and 65 days from sowing. Control plants were sprayed with distilled water and the volume of the spraying solution was maintained just to cover completely the plant foliage till drip. The experiment comprised 180 pots which represented 12 treatments with 15 replications using complete randomization design.
Three samples were taken throughout the experimental period at 35 days after sowing ( tillering stage), 55 days after sowing (stem elongation stage) and 75 days after sowing (heading emergence stage).
The following data were recorded: I. Plant Growth characters: The following data were recorded: plant height (cm), number of tiller/plant, number of leaves/plant, total leaf area/plant (cm 2 ) and dry weight/plant (gm) of shoot, and root systems. Plant samples were dried in an electric oven with drift fan at 70°C for 48 hr. till constant dry weight. All morphological characters were recorded at the three growth stages.
II. Physiological and biochemical analysis:
The same above mentioned samples were used to estimate the following chemical analysis:
a-Photosynthetic pigments were determined as described by Wettestein (1957) , then calculated as mg/g fresh weight.
b-Photochemical activity in wheat plant in fresh leaves were determined according to Jagendorf (1956) and modified by Avron (1960).
c-Enzymatic antioxidant activity was estimated in the third sample of the second season only. Enzyme extraction: The extraction was carried out according to the method reported by Vitoria et al. (2001) .
1. Catalase specific activity: Catalase was assayed spectro-photochemically according to Chance and Maehly (1955) .
2. Ascorbate peroxidase (As-POD) specific activity: Ascorbate peroxidase (As-POD) was assayed spectro-photo-chemically according to Fielding (1978) .
3. Super oxide dismutase (SOD) activity: Fresh leaf samples were collected in an ice-bucket and brought to the laboratory. Leaves were then washed with distilled water and surface moisture was wiped out. Leaf samples (0.5 g) were homogenized in ice cold 0.1 M phosphate buffer (pH 7.5) containing 0.5 mM EDTA with pre-chilled pestle and mortar. The homogenate was transferred to centrifuge tubes and was centrifuged at 4 °C in Beckman refrigerated centrifuge for 15 min at 15000×g. The supernatant was transferred to 30 ml tubes and referred to enzyme extract. SOD activity was estimated by recording the decrease in absorbance of superoxide-nitro blue tetrazolium complex by the enzyme ( Sairam et al., 2002) .
III. Yield and its Components:
At harvest stage, the mean values of yield and its components, i.e., number of spikes/plant, number of grains/ spike, number of grains/plant, dry weight of grains /plant (g) and1000-grain weight (g) was determined.
V. Statistical analysis:
All data were subjected to statistical analysis using complete randomization design according to Snedecor and Cochran (1990) . Means separation was done by L.S.D. at 0.05 and 0.01 levels of probability.
RESULTS AND DISCUSSION

I. Plant Growth characters:
Data presented in Tables (1, 2 In this connection, Ute Schuppler et al., (1998) , reported that wheat (Triticum aestivum L.) seedlings subjected to a mild water stress (water potential of 0.3 MPa), the leaf-elongation rate was reduced by one-half and the mitotic activity of mesophyll cells was reduced to 42% of well-watered control. There was also a reduction in the length of the zone of mesophyll cell division to within 4 mm from the base compared with 8 mm in control leaves. Nakamura et al.(2003) and Dhanda and Sethi (2003) It is interest to mention that foliar application of salicylic at 100,200 ppm exhibited the highest values of plant height (cm), number of tillers, and number of leaves/plant, total leaf area/plant and dry weight of roots and shoots for wheat plants as compared to untreated plant with SA. These results hold true at different growth stages. In all cases, the increments in growth parameters were often highly significant in comparison with untreated ones.
Salicylic acid at 200 ppm was the most effective treatment in increasing growth parameters of wheat plants, whereas, increasing salicylic concentration up to 400 ppm significantly decreased them at different stages of growth. In this respect, many investigators found that low concentrations of salicylic acid enhanced growth of wheat plants Iqbal and Ashraf, 2006) , Salicylic acid (SA) is an important signal molecule modulating plant responses to stress. Recently, it has been reported that, it induces multiple stress tolerance in plants including drought (El Tayeb and Naglaa 2010). Concerning the effect of antioxidant treatments by spraying wheat plants with salicylic acid in the rate of 200 ppm on plant height (cm), tiller numbers, number of green leaves/plant, total leaf area/plant. It is likely to mention that, SA partially overcame the harmful effect of drought stress, (Amin et.al., (2008) .
SA improved the wheat plant growth under drought stress of both seasons. These results are in agreement with those of El-Tayeb (2005) on barley plants and Arfan et al. (2007) on wheat plants . They reported that exogenous foliar application of SA ameliorated the adverse effects of salt stress on growth by enhancing protein and nucleic acids and hormonal balance. Also, Singh & Usha (2003) found that, foliar application of SA caused enhancement in biological yield of wheat under water stress compared with untreated SA plants but these results were less than control plants. In the case of salicylic acid role in growth parameters, it was reported that salicylic acid set the expansion, division and cell death (Zhang et al.,2002) .
In conclusion, the adverse effects of drought stress on the growth criteria of wheat plants c.v. Sakha 94 can be partially mitigated by foliar spray of salicylic acid (SA) at 200ppm.
II. Physiological and biochemical analysis: a-Photosynthetic pigments:
The lowest value of Photosynthetic pigments under drought stress levels were recorded under DS 3 30% W.H.C., through the three samples. Farooq, et al., (2009) and Reddy, et al., (2004) noticed that, drought stress decreased and produced changes in the ratio of chlorophyll 'a' and 'b' and carotenoids under drought stress condition.
The limitation of photosynthesis under drought through metabolic impairment is more complex phenomenon than stomatal limitation and mainly it is through reduced photosynthetic pigment contents Abdul Jaleel, et al., (2009) recorded that, Water deficit is one of the major abiotic stresses, which adversely affects crop growth and yield. These changes are mainly related to altered metabolic functions, one of those is either loss of or reduced synthesis of photosynthetic pigments.
Data in Tables (4 and 5) show that applied Sa enhanced photosynthetic pigments in the leaves of wheat plants under drought stress condition compared with untreated SA plants but these increases were still under control plants (70%W.H.C.)
Ameliorative effect of SA on growth of crop plants under abiotic stress conditions may have been due to its role in photosynthesis which reflect on growth (Khan et al., 2003) . Also, (Singh & Usha, 2003) found that, SA has a role in abiotic stress tolerance such as drought stress in wheat.
Moreover, drought stress alone causes decreasing photosynthetic pigments as compared with control plants, the decrease of these pigments content in wheat plant that grown under drought stress conditions are improved by salicylic acid treatment.
b-Photochemical activity:
Drought stress treatments decreased significantly the values of photochemical activity of wheat homogenate leaves. This reduction was pronounced at different growth stages in two seasons.
The severe drought stress treatment (DS 2 ) abolished the photochemical activity of wheat homogenate leaves. Increasing drought stress (DS 2 ) caused a reduction in photochemical activity at different growth stages when compared with control plants.
These results are agreement with those obtained by Reddy, et al., (2004) who found that drought stress progressively decreases photosynthetic pigments synthesis and CO 2 assimilation rates due to the reduction of stomatal conductance. Drought stress also induces reduction in the contents and activities of photosynthetic carbon reduction cycle enzymes, including the key enzyme, ribulose-1,5-bisphosphate carboxylase/oxygenase.
SA showed significantly increment in photochemical activity of wheat leaf tissue homogenates at different growth stages. According to Joseph et al. (2010) exogenous application of salicylic acid proved to enhancing the photosynthesis, growth and various other physiological and biochemical characteristics of plants.
It could be mention that applied SA could partially alleviate the harmful effect of drought stress on photochemical activity in wheat plants grown under drought stress condition.
c-Enzymatic antioxidant activity: Superoxide dismutase (SOD), ascorbate peroxidase (APX), Catalase (CAT)
The data presented in Table (7) showed the changes of SOD, CAT and APX activities in the leaves of wheat plants as affected by drought stress and foliar spray with salicylic acid.
It is evident that, the severe drought stress treatments and/or its combination with SA increased significantly the values of SOD, CAT and APX activities in the leaves of wheat plants. This increasing was pronounced in the third sample in 2009 / 2010 season.
The obtained results concerning the effect of drought stress on SOD, CAT and APX activities of wheat homogenate leaves are agreement with those obtained by Foyer and Halliwell (1976) who reported that investigated enzymes activities clearly increased the activities of all the enzymes of ascorbate-glutathione cycle, signifying a potential role of these enzymes in providing antioxidative defense under drought stress conditions. Ascorbate peroxidase (APX) prevents the accumulation of excess H 2 O 2 in cells via ascorbate-glutathione pathway. Sharma and Dubey (2005) the activities of total superoxide dismutases (SODs), as well as, ascorbate peroxidase (APX) showed consistent increases with increasing levels of drought stress, however catalase activity declined.
Regarding the effect of foliar application with salicylic acid on SOD, CAT and APX activities of wheat leaf tissue homogenate in third sample is shown in the same Table 7 .
The results of spraying plants with SA effects on SOD, CAT and APX activities in the leaves of wheat plants showed significant increases in SOD, CAT and APX activities of wheat leaf tissue homogenates in the third Çag et al., (2009) . Sakhabutdinova et al. (2003) reported that peroxidase (POD) activity gradually decreases by the application of decreasing SA concentration in sunflower cotyledons. It would suggest that peroxidase (POD) activity decreases during growth period. El-Tayeb (2005) reported that SA-induced increase in growth and protect the plants and photosynthesis from oxidative damage which is a major controlling factor for plant growth and yield (Natr & Lawlor, 2005) might have been increased due to SA application.
It can be seen the importance to alleviate the harmful effect of drought stress on wheat plants by using antioxidant salicylic acid which has protective enzymes activity, as one of the protection mechanisms by inhibiting or quenching free radicals. 
III. Yield and its components:
The data in Table ( Water stress affected many physiological process, growth and yield of wheat plant. It decreased 1000 grain weight and grain yield (El-Banna et al., 2002) . Amin et al. (2008) reported that, an enhancement effect on growth characters and yield in wheat plants was obtained by 100 or 200 mg L -1 of salicylic acid. Moreover, the same preceding underwent a reverse pattern of change using the higher concentrations of salicylic acid (400 mg L -1 ). In conclusion, the results showed that wheat yield and its components was highly reduced under drought stress, although spraying plants with antioxidant especially salicylic acid at 200ppm was helpful in improving plant yield but was still lower than the control. 
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